Abstract: Female-biased sexual size dimorphism (SSD), a condition common in North American chipmunks, occurs when females are larger than males in a species. We examined the influence of body size on dominance of captive female Townsend's chipmunks (Tamias townsendii Bachman, 1839), a species that exhibits female-biased SSD, in all-female and mixed-sex dyadic encounters. In all-female dyads, large female chipmunks were more frequently dominant over small female opponents. In mixed-sex dyads, large females were always dominant over small males. Female-biased SSD in Townsend's chipmunks appears to indirectly allow large females to more frequently dominate small female and male conspecifics. Greater dominance could increase reproductive success of large female chipmunks by increasing access to resources.
Introduction
Male-biased sexual size dimorphism (SSD), where males of a species are larger than the females (Trivers 1972; Alexander et al. 1979) , is a widely reported phenomenon. In some taxa, female-biased SSD is more prevalent (Shine 1988) . While female-biased SSD is commonly found in invertebrates (Trivers 1972) and birds (Andersson and Norberg 1981) , some mammal species also exhibit this trait (Ralls 1976) . Unlike male-biased SSD, female-biased SSD in mammals is hypothesized to be the product of natural selection rather than sexual selection (Ralls 1976) . Probable natural selection pressures leading to female-biased SSD include reduction of interspecific competition for resources (Ralls 1976) , social dominance over males (Madden 1974; Ralls 1976; Bowers and Smith 1979) , strong competition for resources among females (Madden 1974; Ralls 1976) , increased reproductive ability after hibernation (Bronson 1980; Levenson 1990; Svendsen and White 1997) , and production of larger offspring (Ralls 1976) . Sexual selection could favor smaller male body size if agility is important in finding mates (Ralls 1976; Levenson 1990) .
In North American chipmunks (order Rodentia, family Sciuridae, genus Tamias Illiger, 1811), female-biased SSD is exhibited in 12 species (Levenson 1990; Schulte-Hostedde and Millar 2000) . Female chipmunks in these species are 2% to 6% larger than males (Levenson 1990 ). Large body size may be beneficial to females because female survival and reproductive success are positively correlated with body size in yellow-pine chipmunks (Tamias amoenus J.A. Allen, 1890), a species with female-biased SSD (Schulte-Hostedde et al. 2002) . Increased survival and reproductive success of large females could be due to dominance over small conspecifics that allows greater access to resources (e.g., food and burrows). In the southern flying squirrel (Glaucomys volans L., 1758), female-biased SSD allows large females to better defend nest sites, food, and water sources (Madden 1974) . In field studies of eastern chipmunks (T. striatus L., 1758), a species without female-biased SSD, individuals successfully defended core areas (i.e., high-use areas centered on burrows) from most intruders regardless of sex or size (Dunford 1970; Elliott 1978) . The area of space-dependent dominance can vary greatly between individuals, probably because of space-independent factors such as size and age (Elliott 1978) . The space-dependent dominance effect is minimized by placing the chipmunks in captivity (Elliott 1978) . Dominance in agonistic encounters between captive eastern chipmunks is positively associated with body size (Wolfe 1966; Ickes 1974) .
Although dominance between males has been examined in chipmunks that exhibit female-biased SSD (SchulteHostedde and Millar 2002a), the effect of female-biased SSD on female chipmunk dominance is not known. We examined the influence of body size on dominance of female Townsend's chipmunks (T. townsendii Bachman, 1839), a species that exhibits female-biased SSD (Levenson 1990) , by observing agonistic encounters in two types of dyads: (1) dyads consisting of females differing in body size and (2) mixed-sex dyads where females were larger than males. To independently examine the effect of body size on dominance, we minimized the space-dependent dominance effect by staging dyadic encounters in captivity. We hypothesized that within dyads, (i) large females would be dominant over small females and (ii) large females would be dominant over small males.
Materials and methods

Study species
Townsend's chipmunks inhabit coniferous forests of western North America from British Columbia to northern California (Ingles 1965 ). Townsend's chipmunks are diurnal sciurids that feed on seeds, berries, insects, and fungi. Individuals inhabit a single burrow up to 10 m in length (Thomas 1974) . Chipmunks generally have overlapping home ranges of 0.5 ha but actively defend only the core area within 9-12 m of the burrow (Dunford 1970; Elliott 1978) , and they larder hoard food in one dense aggregation within the burrow (Clarke and Kramer 1994) . During winter, Townsend's chipmunks at high elevations experience periods of torpor and rely on their food larder rather than fat deposits for survival (Kenagy and Barnes 1988) . At lower elevations, where snow is uncommon, Townsend's chipmunks can be found above ground the entire year (Maser 1998) . Female-biased SSD in Townsend's chipmunks is well documented, with females 2.5% to 10% larger, on average, than males depending on the population and time of year (Gashwiler 1976; Levenson 1990; Rosenberg and Anthony 1993; Hayes et al. 1995) .
Behavioral testing
To capture individuals for dyadic trials and document the extent of female-biased SSD, Townsend's chipmunks were livetrapped from September to November 1998 in secondgrowth Douglas-fir (Pseudotsuga menziesii (Mirbel) Franco) forest in Macleay, Marion County, Oregon, USA. We used 41 cm Â 14 cm Â 14 cm box traps (model 201, Tomahawk Live Trap Co., Tomahawk, Wisconsin, USA) baited with a mixture of peanut butter and oats. Sunflower seeds were placed around the traps between trapping periods. Captured animals were placed in a mesh bag and sex, body length, tail length, and mass (±0.5 g) of each animal were recorded. Individuals were marked with a uniquely numbered ear tag (model 1005-1, National Band and Tag Co., Newport, Kentucky, USA). Handling of animals was in accordance with the guidelines of the Canadian Council on Animal Care.
Chipmunks livetrapped during October-November 1998 were transported 30 min to Willamette University, Salem, Oregon, for dyadic trials. Animals were placed in plastic cages (39.3 cm Â 28.5 cm Â 19.4 cm) and provided with water, housing, and ad libitum rat chow supplemented with seeds, carrots, and apples. The light regime of the caged chipmunks simulated natural light conditions. Following a period of trials usually lasting 4 days, the animals were released at the location of capture.
Dyadic trials started on the day after the animals were captured and were conducted from 0800 to 1700. Trials were conducted outside of the breeding season. Each animal participated in a maximum of five trials and had at least 1 h of rest between trials. Dyadic trials were conducted in an arena with wooden sides, a wire mesh top, and dimensions of 1.5 m Â 0.75 m Â 0.3 m. Tree branches, pine cones, and several food items were placed within the arena. The arena was housed in a room with one-way glass to diminish interference from the observer. Trials were recorded using a video camcorder to allow post-trial analysis of encounters.
Two types of dyadic trials were conducted: (1) pairs of females differing in body size (i.e., all-female dyads) and (2) male-female pairs in which the female was larger than the male (i.e., mixed-sex dyads). Large opponents weighed 1 g more than small opponents. Chipmunks were weighed on the day of participation in dyadic trials. Dyads for each trial were selected based on individual sex, body mass, and previous trial history. Fourteen females were used in all-female dyads and 11 females and 6 males were used in mixed-sex dyads. Nine females were used in both types of dyads. The lower number of males used in mixedsex dyads was due to the trapping success being skewed towards females. Individuals were never paired with the same partner more than once during trials. The mean total number of dyadic trials that each male participated in (mean ± SE = 2.8 ± 0.5 trials) was similar to the number that each female participated in (mean ± SE = 2.9 ± 0.4 trials) (two-tailed t test, t [20] = 0.16, n = 22, P = 0.876).
One animal from each dyad was randomly selected and placed in the arena first. To allow acclimatization, a trial did not begin until an agonistic encounter occurred or 10 min had passed. During a 15 min trial, the observer recorded when an agonistic encounter occurred and which individual was dominant in the encounter. Agonistic encounters consisted of one or more of the following behaviors (developed from Dunford 1970; Aniskowicz and Vaillancourt 1979): (i) attack (dashing or leaping at a conspecific), (ii) fight (both animals locked together, kicking and biting each other while tumbling), and (iii) chase (running after a conspecific). An agonistic encounter ended when one individual fled from the other individual. During an agonistic encounter, the animal whose opponent fled from the encounter was considered dominant. Individuals in dyads were identified by observers based on unique natural markings, placement of ear tags, and visual differences in body size. Video footage was used to confirm the outcome of encounters. Overall dominance in a trial was assigned to the individual who was dominant in at least one more agonistic encounter than its conspecific. Trials without agonistic encounters were excluded from analyses (8 of 31 trials).
Data analysis
One-tailed t tests were used to analyze body measurements between the sexes. Total length of each chipmunk was calculated from the sum of body and tail length. Mean percent dimorphism of body measurements was calculated using the equation [(mean female body measurement / mean male body measurement) -1.000] Â 100 (Levenson 1990 ). Pearson's 2 test was used to examine dominance in allfemale dyadic trials. One-tailed paired t tests were used to analyze body size and number of encounters between opponents in both types of dyadic trials.
Results
Livetrapped females (n = 27) were heavier (t [45] = 3.57, P < 0.001) and had greater tail length (t [45] = 2.25, P = 0.015) and total length (t [45] = 2.99, P = 0.002) than males (n = 20) (Table 1) . Body length also tended to be greater in females than in males (Table 1, t [45] = 1.54, P = 0.065). Mean percent dimorphism was greatest between females and males for body mass and least for body length (Table 1) .
For both mixed-sex and all-female trials, novice individuals (i.e., chipmunks that had never previously participated in a trial with at least one agonistic encounter) were dominant in all trials in which they were larger than opponents (13 of 13 trials) and subordinate in most trials in which they were smaller than opponents (8 of 9 trials). Within all-female dyads, the difference in body mass between opponents averaged 7.8 ± 1.3 g (t [10] = 5.88, P < 0.001). Large females were most frequently the dominant individual in all-female dyadic trials (Fig. 1A, 2 [1] = 4.46, P = 0.035). Within dyadic trials, large females were dominant in more agonistic encounters than small female opponents (Fig. 1B, t [10] = 1.84, P = 0.048).
Within mixed-sex dyadic trials, females averaged 6.5 ± 1.1 g heavier (mean percent dimorphism = 8.4%) than male opponents (t [11] = 5.86, P < 0.001), which is similar to the female-biased SSD exhibited naturally in this population (Table 1) . Large females were always dominant over small males in mixed-sex dyadic trials (Fig. 1A) . Within a dyadic trial, large females were always dominant over small males in agonistic encounters (Fig. 1B, t [11] = 3.65, P = 0.002).
Discussion
Body size appears important in predicting female dominance in agonistic encounters of Townsend's chipmunk dyads in captivity. In both all-female and mixed-sex dyads, large females were dominant more frequently than small females and males. Dominance in agonistic encounters was also positively related to body size in captive eastern chipmunks, which do not exhibit female-biased SSD (Wolfe 1966; Ickes 1974) . In the three dyadic trials we observed in which males were larger than females, males were always dominant (A.J. Edelman and J.L. Koprowski, unpublished data). Thus, gender likely does not directly affect dominance in chipmunks with female-biased SSD; however, because females are, on average, larger than Table 1 . Body measurements (mean ± SE) and mean percent dimorphism of female (n = 27) and male (n = 20) adult Townsend's chipmunks (Tamias townsendii).
Sex
Mass ( were dominant over opponents. Two types of dyadic trials were conducted: (i) all-female dyads consisting of females differing in body size (n = 11) and (ii) mixed-sex dyads in which females were larger than males (n = 12).
males, female-biased SSD appears to indirectly cause more frequent female dominance over males. Alternatively, our results could be due to a winner or loser effect (Rutte et al. 2006 ) because individuals were used in more than one dyadic trial. However, such an effect appears unlikely because all novice large individuals were dominant in trials and almost all novice small individuals were subordinate in trials. Dominance in chipmunks in the wild is closely linked to distance from the home burrow. Individual chipmunks are usually dominant over opponents regardless of size if they are close to their burrow (Dunford 1970; Elliott 1978) . The area of dominance surrounding burrows, however, varies widely among individuals and is likely due to individual differences such as age and size (Elliott 1978) . We minimized the effect of space-dependent dominance in chipmunks by observing dyadic encounters in a captive setting, which allowed us to examine how body size affects dominance. Female yellow-pine chipmunks, a species with female-biased SSD, exhibit a positive correlation between body size and survival and female reproductive success in some years. Large females may have lower reproductive success than small females in poor environmental conditions owing to greater energetic demands (Schulte-Hostedde et al. 2002) . In the wild, female-biased SSD could contribute to greater reproductive success in large females by allowing them to more frequently dominate small neighbors in encounters and expand the size of core areas. By increasing the area of dominance, a large female would have access to a larger foraging area, possibly increasing the amount of available food resources. In mammals, females usually have greater parental investment than males (Trivers 1972) ; therefore, an increase in resources would potentially raise a female chipmunk's reproductive success.
Our results support large body size as a good indicator of female dominance in all-female and mixed-sex dyads during the non-breeding season. However, in all-male dyads of breeding yellow-pine chipmunks, small males were more frequently dominant over large males in agonistic encounters (Schulte-Hostedde and Millar 2002a) . Small males may improve mating success by being aggressive towards other males, whereas large males may be able to gain matings through increased ability to find or chase receptive females Millar 2002a, 2002b) . These alternative mating tactics likely yield similar numbers of sired offspring because male reproductive success of yellow-pine chipmunks is independent of body size (SchulteHostedde et al. 2004) . Breeding condition could also affect dominance of females and should be examined in future studies.
In conclusion, we observed that body size was positively associated with female dominance in all-female and mixed-sex dyads of captive Townsend's chipmunks, a species that exhibits female-biased SSD. The ecological implications of female dominance may be that large female chipmunks can obtain more resources than small females and males. Future studies of chipmunks with femalebiased SSD should examine how body size and sex affect core-area size and dominance of chipmunks in the wild and whether these factors are predictive of female reproductive success.
